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Figure 2. Deflector locations with respect to tailwater depth above the basin end sill. 



EXPERIENCES 

Many stilling basins have experienced abrasion damage, as exemplified below at several 
Reclamation Dams. Often abrasion has progressed to depths exposing reinforcement and 
requiring repair of concrete by sawcutting, sandblasting, and concrete replacement with 
polymer concrete, or silica fume concrete. 

Valkcito Dam - Vallecito Dam, completed in 1941, experienced abrasion/erosion damage in 
the outlet works stilling basin in the 1980's. The repairs involved a silica fume concrete with 
high slump and 9000 lbs/in^ strengths. The work was completed in 1991. The spillway chute 
has since experienced more erosion indicating this is a continuing problem. 

Ridgway Dam - An underwater inspection of the Ridgway Dam outlet works stilling basin 
revealed that the concrete floor was severely eroded, with the reinforcing bars exposed. The 
region will have this work repaired using a two phase process. The first phase is to construct 
bypass capacity to dewater the stilling basin, remove all materials, and determine the extent of 
repairs needed. The second phase the following year will be to make the repairs. The work 
scope is not determined but when all is complete the cost may be between $200 000 and 
$1,000,000. 
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Taylor Draw Dam - In 1991. about $200,000 was spent to repair abrasion damage to the 
Taylor Draw Dam outlet works stilling basin. After just one operating season, an inspection 
revealed that abrasion damage had again occurred. After repairs were complete the second 
time, a study conducted by WRRL demonstrated that the installation of flow deflectors 
improved the basin's flow distribution significantly, greatly reducing the potential for 
movement of material into the basin. The deflectors have been in place for 4 years with no 
further repairs to the basin concrete required. 

THE MODEL 

A physical model is being used to investigate hydraulic conditions in Type II stilling basins 
and to study the affect of deflector positioning and inclination on flow patterns over the basin 
end sill. The study will be used to optimize and generalize flow deflector designs based on 
basm geometry and operating conditions. The Ridgway Dam outlet works and its Type II 
twin bay stilling basin are being used for the model investigations. The model includes the 
42-in high pressure slide gates discharging into 2: 1 sloping chutes and 12 ft wide bays The 
basin IS 85 ft long. Froude scaling was used to model the outlet works at a 1 • 10 5 scale The 
downstream nprap apron topography was modeled on a 6: 1 slope with moveable bed material 
to simulate the abrasion source. Unit discharges (q) (corresponding to 40-, 60- 80- and 
100-percent gate openings for the Ridgway Dam outlet works), and percent of iailw'ater depth 
were used to describe flow conditions. Velocity measurements were determined using a 
sontek acoustic flow meter and were measured at the downstream end of the basin end sill in 
the center of the bay. Bottom velocities were measured 5.25-in above the basin end sill All 
velocities are described in terms of average velocities. Tailwater was set according to the 
tailwater curve generated for the Ridgway Dam outlet works operations. 

INVESTIGATIONS 

Flow conditions over the basin end sill were characterized with profiles representing average 
velocities (negative values represent velocities in the upstream direction) mapped along the 
vertical axis in the center of the bay for unit discharges of 29 ftVs/ft (40% gate) 4 1 ftVs/ft 
(60% gate), 52 ft^/s/ft (80% gate), and 60 ft'/s/ft (100% gate) as shown in figure 3 '-.The 
vertical axis shows the relative depth in percent of total tailwater depth over the basin end sill 
Initial investigati onsde termined that the most effective po.sitinn along the length of the basin ' 
_^ o locate the deflector directly «b .Qyejhsjownstreai^ 
this was established, the most effective posito along the veT tol axis was inve ifliSted 
Hgure 3 shows that as values of unit q increase, the thickness of the high velocity 
(downstream) jet increases, thereby lowering the transition point between upstream and 
downstream velocities above the basin end sill. The effectiveness of the flow deflector is 
Jep^ndent^nOiej^^ loc ation of the deflector w ith respect to thi.. fr^n.itinn p.in. and its 
ability to trap and redirec u large enough portion of the high velocity ieU h^^^i^idi^IiKTIR^^ 
the transition point) to improve flow conditions. With this in mind, three vertical locations 
and several deflector angles were investigated. 
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Figure 3. Velocity profiles measured along the vertical axis above the basin end sill. 

^ All of th. e_deflectQj:s-t ested were ,4.XZ5-&,d£ep-an4AV€F64Gcateda s^shown in figu re 2. 
Deflectors D17 through D19 were positioned at an angle of 60 degrees, and deflectors D20 
and D21 were positioned at 70 and 80 degrees, respectively. 

Figure 4 shows bottom velocities measured near the basin end sill for deflector positions D17 
through D21 for each flow tested . The results of these investigations show that the 
perf ormance of each deflector varies over the range of flows. When the deflector waT 
positioned low in the basin and just above the transition poiius of the higher flows (i.e. D 17) 
the deflector performed well at the high flows. However, it became ineffective as the flow 
was d ecreased becaus e^ the transition point moved above the location of the d eflector. Asa 
'result, at the lower flows, the deflector missed a major portion of the high velocity jet because 
it was positioned below it. A similar problem occurred when the deflector was positioned 
too high (i.e. D19). Although the deflector was in good position (just above the transition 
point) to redirect the jet at the lower flows; as the flow was increased, the transition point 
moved too far below the deflector for it to remain effective The solution was to position the 
deflector (D 18) between the locations of deflectors D 17 and D19 where it would be less 
_sensitiveJo the m ovement of t he transition ^ojnt This produced positive downstream 
velocities '(average) throughout the range of flows. 

Next the angle of the deflector was varied. Deflectors D2^nd D2 1_were installed at the 
same location as Dl 8 excep t with the angle increased to 70 and 80 degrees respectivelyT" 



